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Triple-negative breast cancer (TNBC) is an aggressive subtype of breast cancer (BC) and accounts for 10-20% of cases.
Due to the lack of expression of several receptors, hormone therapy is largely ineffective for treatment purposes.
Nevertheless, TNBC often responds very well to chemotherapy, which constitutes the most often recommended
treatment.
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| 1. Introduction

Breast cancer (BC) is considered the second most commonly occurring pathology in the world . BC is more frequently
diagnosed in less developed and industrialized countries, it also constitutes the second notable cause of mortality in
Europe and the United States after lung cancer L2, Additionally, according to the American Cancer Society, about 12% of
women in the USA are prone to develop BC during their lifetime [EII5IE],

Triple-negative breast cancer (TNBC) is a less common type of BC. About 10-20% of BCs are TNBC. TNBC consists of
cancer cells, which either do not express estrogen and progesterone receptors or produce the protein named HER2
These cancers tend to be more common in women younger than the age of 40, who are usually African American .

Human genes BRCA1 and BRCA2 produce tumor suppressor proteins. These proteins participate in damaged DNA
repairing and, therefore, play a crucial role in ensuring the stability of each cell's genetic material. As a result, cells are
more likely to develop additional genetic alterations, which may lead to cancer. BRCA2 genes, which are reported to
increase the risk of female TNBC (82,

It is usually a combination of surgery, radiotherapy and chemotherapy. Therefore, hormone therapy is largely ineffective
for treatment purposes. However, chemotherapy can cause various serious adverse effects such as cardiotoxicity,
myelosuppression, alopecia and gastrointestinal problems 19, Except for toxicity, drug resistance to chemotherapy is
another major problem.

Major effort has been devoted by researchers in order to classify TNBC. Technology has facilitated researchers to analyze
numerous data to compare different TNBCs and classify them in subgroups based on their similarities. Several ways of
categorization of TNBCs have been reported such as the molecular classification, the immune classification, the
classification based on differential prognosis, based on the cell type ambulating in the tumor environment, based on the
presence or absence of androgen receptors or based on cellular type (L4,

Given that the progression of cancer is often controlled via epigenetic processes, there is a growing interest in research
focusing on mechanisms, genes and signaling pathways related to carcinogenesis with epigenetic modulation of gene
expression. For example, histone deacetylases (HDACs) have a significant impact on chromatin remodeling and

epigenetics. Therefore, their inhibitors consist of an appealing field for targeted therapy against BC and are widely studied
[E][E]]_

Along the same line with HDACs, numerous studies and both clinical and laboratory trials are taking place, in order to
provide new targets and improve prognosis for TNBC. PARP inhibitors, the PISBK/AMT/TOR pathway, anti-angiogenetic
factors, as well as immunotherapy are potential targets for the treatment of TNBC. This current review presents up-to-date
studies, focusing on the progress made in the field of targeted therapies for TNBC.

1.1. PARP Inhibitors

The polyadenosine diphosphate-ribose polymerase, also called poly (ADP-ribose) polymerase or PARP, is a group of
various proteins that participate in molecular mechanisms, leading to recovery of the cells from DNA damage (Figure 1)



(141, PARP inhibitors constitute the most important therapeutic drugs for the BRCA-1 and BRCA-2 mutations and therefore
against TNBC. Exposure to chemotherapy results in PARP expression in TNBC. Moreover, PARP-1 and PARP-2 proteins
are associated with DNA repair processes by repairing proteins and binding to DNA breaks LSIL6IL7I8IL920]  Trapped
PARP-DNA complexes are extremely cytotoxic and present high anti-proliferative and anticancer activity (21,
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Figure 1. PARP inhibition as a therapeutic strategy against triple-negative breast cancer.

In 2015, Llombart-Cussac et al. conducted a Phase Il trial, in which 141 patients with TNBC Stage II-llla were randomized
to receive paclitaxel alone (PTX) or in combination with iniparib, either once a week (PWI) or twice a week (PTI) for 12
weeks 22, The initial target was the pathologic complete response (pCR) in the breast. Notably, pCR rate was similar
among the three arms (21, 22, and 19% for PTX, PWI, and PTI, respectively). No significant differences were observed in
serious side effects leading to the termination of the treatment among the three arms. When iniparib was added to PTX, it
did not provide any enhanced antitumor activity or toxicity. According to these results, further evaluation of the combined
treatment with iniparib at these doses and paclitaxel in TNBC is not suggested. Finally, but not least important, it should
be noted that iniparib does not exert inhibition against PARP in vitro 23],

In 2016, Kummar et al. presented a phase Il study, in which 45 patients with TNBC were randomized to be treated with
oral cyclophosphamide with or without oral veliparib in 21-day cycles 24. More specifically, patients who received
cyclophosphamide and patients who received the combination of drugs were compared focusing on disease progression.
18 patients were treated with cyclophosphamide alone and 21 with the combination of drugs. Lymphopenia was the most
common toxicity observed in both groups. Concerning the response rates and progression free survival, they did not
present any notable differences between both treatment groups. As a result, the addition of veliparib to
cyclophosphamide, at the dose and schedule evaluated, did not lead to any improved results for the treatment in patients
with TNBC.

In 2017, Evans et al. reported a study, in which patient-derived xenografts (PDXs) were obtained from surgical samples of
recurrent tumors 22, During this study, 26 PDXs were developed from 25 patients. 22 derived patients with residual
disease treated with neoadjuvant chemotherapy, and 24 derived from patients with TNBC. The 26 PDXs provided a
heterogeneous set of mutations and were all related to TNBC. Concerning RPPA, PDXs activated in a different way the
PI3K and MAPK and presented different sensitivity to chemotherapy. On the contrary to PI3K, mTOR, and MEK inhibitors
that initiate growth but not tumor regression, the PARP inhibitor talazoparib led to significant regression in 5 of 12 PDXs.
On the basis of these data, PARP inhibition can have notable activity, causing regression in various molecular subtypes
and PDXs are potential predictive biomarkers in targeted therapies.

In 2020, Pothuri et al., used the combination of veliparib and doxorubicin in patients with TNBC 28, Drugs were
administrated in various dosages. Although complete clinical response was observed in two cases, and the anti-tumor
efficacy was generally acceptable, complications such as oral squamous cell carcinomas appeared.

In 2021, Eikesdal et al. conducted a clinical trial in which they tested olaparib in TNBC patients, without previous
chemotherapy exposure 24, DNA sequencing and methylation analysis of the tumor cells were conducted before and
after the administration of olaparib. They demonstrated that olaparib is effective against treatment-naive TNBC cells with
HR deficiency.

| 2. Investigational Drug Treatments for Triple-Negative Breast Cancer
2.1. Aurora Kinase Inhibitors

Aurora kinases constitute cell cycle-regulated serine/threonine kinases and are reported to be important for mitosis [28129]
B9 |n humans, the Aurora kinases are categorized in three groups, including Aurora-A, Aurora-B, and Aurora-C, which
each share a conserved C-terminal catalytic domain but differ in various points, such as their sub-cellular localization,



substrate specificity, and function during mitosis. Their deregulation leads to G2-M arrest, apoptosis and ceases mitosis
Bl Moreover, over-expression of Aurora-A and Aurora-B has been proved to lead to a wide variety of tumors as it
transforms epithelial cells to mesenchymal ones and offers them abilities of stem-like cells [B2I[E3I[B43SIE6STISEIE9] A5 5

result, developing Aurora kinase inhibitors, as anti-cancer drugs, has attracted academic attention.

In 2014, Huck et al. reported a study in which MLN8237, also known as alisertib, being a selective Aurora A inhibitor, was
evaluated as an anticancer drug in multiple solid tumors ¥4, Alisertib was in combination with docetaxel or paclitaxel was
estimated in in vivo models of TNBC, focusing on the anticancer activity. When alisertib was combined with taxanes, an
additive, and synergistic anticancer activity was observed. When multiple dose levels of alisertib and paclitaxel were used,
tumor growth inhibition was achieved. Patients who received the highest dose of alisertib being or not being combined
with 60 or 80 mg of paclitaxel, presented similar results. As a result, these observations can be used in order to optimize
the combination therapies using other therapeutic agents.

In 2018, Carducci et al. conducted a trial, in which patients with TNBC were treated with dose-escalation and dose-
expansion phases with AMG 900, a pan-Aurora kinase inhibitor . Dose expansion investigated focusing on three tumor
types: taxane- and platinum-resistant ovarian cancer, taxane-resistant TNBC and castration-resistant and taxane- or
cisplatin/etoposide-resistant prostate cancer. AMG 900 presented rapid absorption in once-daily dosing. The maximum
tolerated dose was 25 mg/day, increasing to 40 mg/day with granulocyte colony-stimulating factor. The treatment-related
adverse effects that were observed were neutropenia, anemia, leukopenia, and thrombocytopenia. When the dose was
expanded 3 of 29 enrolled patients with ovarian cancer presented partial response, while the median duration of response
was 24.1 weeks. Five of nine patients found positive for p53 expression experienced well response to treatment. On the
other hand, no response was observed in patients with TNBC. Similar results, with minimal clinical response, and serious
adverse effects were observed in a clinical trial conducted by Tolcher et al. #2. Specifically, they used trametinib and
uprosertib in patients with TNBC or melanoma. The anti-tumor efficacy was minimal, whereas adverse effects such as
severe diarrheas or rashes appeared.

2.2. Histone Deacetylase Inhibitors

A wide range of histone deacetylase inhibitors (HDACIs) have been isolated from natural sources or have been developed
in laboratory in order to be tested in clinical studies 43. HDACIs participate in various mechanisms including the
chromatin remodeling via deacetylation of histones that prevents gene transcription, the DNA target that leading to DNA
damage though a mechanism of oxidative stress, or the participation in pathways of apoptosis through the up-regulation
of proapoptotic proteins and down-regulation of antiapoptotic proteins. Moreover, it has been reported that HDACIs have
an anti-angiogenic effect, decrease the expression of vascular endothelial growth factor (VEGF) receptor and prevent
proliferation, invasion, and migration of endothelial cells 24145126] |t has also been proved that numerous HDACIs have an
impact on the immune system functions 4. Participating in these mechanisms, HDACIs would be potential agents in
cancer therapy, especially in combination with targeted agents (Figure 2).
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Figure 2. Histone deacetylases inhibition as a therapeutic strategy against triple-negative breast cancer. H: Histone; A:
Acetylgroup; HAT: Histone acetyltransferase; HDAC: Histone deacetylase; HDACI: Histone deacetylase inhibitor.

In 2015, Min et al. reported in vivo and in vitro studies, in which the potential of suberoylanilide hydroxamic acid (SAHA),
an HDACI, to improve the anti-tumor effects of olaparib on TNBC cell lines was investigated 8. More specifically, the
effect of SAHA on the expression of HRR-associated genes was studied. The in vitro results were confirmed in vivo
utilizing a human BC xenograft model. As a result, the combination of olaparib and SAHA inhibited efficiently the growth of
TNBC cells. This outcome was related to down-regulation of the proliferative signaling pathway, increased apoptotic and
autophagic cell death, and accumulation of DNA damage.

In 2018, Ono et al. conducted a study, in which the synergistic effect of OBP-801, a HDACI, and eribulin in TNBC cell lines
was evaluated 2. Flow cytometry analysis was conducted to investigate the treatment of cell lines with the combination



of OBP-801 and eribulib and the induction of apoptosis. According to the experimental findings the combination OBP-801
with eribulin presented a synergistic inhibition of the growth in TNBC cells, as well as the enhancement of apoptosis.
Moreover, it was proved that eribulin up-regulated survivin and that OBP-801 suppressed the up-regulation of survivin by
eribulin. As a result, the combination of these two inhibitors provides a meaningful strategy for treating TNBC patients.

The same year, Song et al. reported a study in which the inhibition of TNBC by trichostatin A (TSA), an HDACI, was
investigated B9, The experimental findings indicated that TSA treatment results in decreased expression of CYCLIN D1,
CDK4, CDK6, and BCL-XL, but increased P21 expression. Additionally, treatment with TSA in combination with
doxorubicin results in inhibition of proliferation of HCC1806 and HCC38 cells. Therefore, the TSA and its combination with
doxorubicin constitute promising therapeutic strategy in the therapy of TNBC.

Maiti et al. presented a study in which the effect of entinostat in the expression of anti-angiogenic and tumor suppressor
genes was investigated in TNBC cells Bl The experimental results revealed that treatment of the TNBC cells with
entinostat led to the re-expression of the anti-angiogenic genes and the tumor suppressor genes. It was also found that
TNBC cells with entinostat led to down-regulation of the expression of VEGF A (VEGF-A). Based on these data, HDACs
may be a promising therapeutic tool for TNBC.

In 2020, Milazzo et al. conducted a study, in which the biological activity of a new antibody drug conjugate (ADC),
ST8176AAl, derived from trastuzumab, which was partially reduced with tris [2-carboxyethyl] phosphine (TCEP) and
ST7464AA1, the active form of the prodrug HDACI ST7612AA1 was evaluated in vitro and in vivo 2. Enhanced anti-
tumor activity of ST8176AA1 compared to trastuzumab was presented in vitro in tumor cell lines. Moreover, increased
expression of ErbB2 and estrogen receptor was revealed in TNBC cells. In compliance with in vitro data, ST8176AA1
proved to have higher tumor growth inhibition than trastuzumab when tested to xenograft models of ovary and colon
carcinoma, as well as in 2 patient-derived xenograft (PDX) models of pancreatic carcinoma. As a result, ST8176AA1 can
be consider as an attractive novel therapeutic tool that it is worth more investigation.

2.3. Other Inhibitors

Alternative targeted therapies inhibiting nucleo-cytoplasmic transport have been reported B354l Chromosome region
maintenance 1 (CRM1), also known as exportin 1 (XPO1), is a protein transporter associated with nucleo-cytoplasmic
shuttling of numerous tumor suppressor proteins (TSP) and growth regulatory factors. XPOL1 is also reported to be up-
regulated in many malignancies and is related to a poor prognosis B3I38I571 |n 2015, Arango et al. reported a study in
which 26 BC cell lines of various cancer subtypes were evaluated, being treated with Selinexor in vitro 28, According to
this study, selinexor provided growth inhibition in all the cell lines tested. In multiple TNBC cell lines, selinexor showed a
synergistic activity along with paclitaxel, carboplatin, eribulin, and doxorubicin in vitro. When selinexor was used without
additional drugs, it managed to reduce tumor growth in vivo in four of five cell lines tested. As a result, selinexor shows
potential therapeutic activity and could be further investigated as a treatment for TNBC.

Cyclin-dependent kinases (CDKs) complexes are known to regulate the progression of cells via the cell cycle and cycle
division €A Moreover, deregulation in the cell cycle is of paramount importance in the development of cancer. CDK1
and CDK2 inhibitors constitute potential therapeutic targets concerning the TNBC [61](62](63] | 2015, Mitri et al., conducted
a phase | study, in which the maximum tolerance dose of dinacinib combined with epirubicin in patients with TNBC was
determined B4, Groups of at least two patients were treated with increasing doses of dinaciclib given on the first day
followed by standard dose of epirubicin given on the second day of a 21-day cycle. For 1 year, nine patients were
evaluated. Dose escalation proved to be toxic and did not apply to the second group. The first dose level also proved to
be too toxic. As no treatment responses were observed, the combination of dinaciclib and epirubicin does not appear to
be an effective treatment option for TNBC.

MET is a receptor tyrosine kinase that activates a variety of different cellular signaling pathways, including those
associated with proliferation, migration, and invasion. Despite the fact that MET is known for participating in the control of
tissue homeostasis it has also been reported to be activated in human cancers via mutation or protein over-expression
(631 |n 2015, Tolaney et al. conducted a phase Il study, in which tivantinib, an oral agent that targets MET, was evaluated
as treatment for patients with TNBC 8. During the study, 22 patients were enrolled. The overall response rate was 5%
and the 6-month progression-free survival (PFS) was 5%, with one patient managing to achieve a partial response. The
toxicity was trivial. Therefore, tivantinib although proved to be tolerated it did not achieved prespecified statistical targets
for efficacy.

VEGF is a family of proteins including VEGF-B, VEGF-C, VEGF-D, and VEGF-E. VEGF family members are important in
physiological angiogenic processes, including pathological conditions such as cancer 4. VEGF inhibitors have been



shown to regulate endothelial cell proliferation, migration, and survival, having potential anti-tumor activity €8l In 2016,
Pham et al. reported a study in which bevacizumab, a VEGF-pathway targeting anti-angiogenic drug, was evaluated for
TNBC B2, More specifically, bevacizumab and CRLX101, an investigational nanoparticle-drug conjugate that contains
camptothecin, was tested in preclinical mouse models of orthotopic primary TNBC xenografts. Long-term efficacy of
CRLX101 and bevacizumab were also tested in order to treat postsurgical, advanced metastatic BC in mice. According to
this study, CRLX101 not only alone, but also combined with bevacizumab, was highly efficient, resulting in complete tumor
regressions, reduced metastasis, as well as extended survival of mice with metastatic tumors. Based on these data,
CRLX101 along with bevacizumab is a potential anti-angiogenic therapy for TNBC.

The epidermal growth factor receptor, also known as EGFR regulates various cellular processes, such as proliferation,
differentiation, and survival. Overexpression of EGFR leads to poor outcome and carcinogenesis, including cell growth
and invasion, angiogenesis, and metastasis A28 Several EGFR inhibitors have been tested as potential
therapeutic agents against cancer. In 2016, Brinkman et al. reported a study in which the in vivo efficiency of a
nanoformulation of aminoflavone (AF) in enhancing the therapeutic index of AF in TNBC was tested 4. More specifically,
a micelle nanoparticle loaded with AF and conjugated with GE11, a peptide containing 12 amino acids, was evaluated in
targeting epidermal growth factor receptor. Addition of the GE11 targeting peptide led to upgraded cellular uptake and
significant growth inhibitory effects in TNBC cells. Therefore, it was suggested that AF-loaded, EGFR-targeted micelle
nanoparticles constitute a promising therapeutic option for EGFR over-expressing in TNBC.

In 2017, Wali et al. conducted a study in which 128 investigational drugs as either single agents or in 768 pairwise drug
combinations were evaluated as potential treatments in TNBC 2. As the results of this study indicated, combination
therapies that proved to be immediately tractable to translation included ABT-263/crizotinib, ABT-263/paclitaxel,
paclitaxel/JQ1, ABT-263/XL184 and paclitaxel/nutlin-3. Crizotinib is a ROS1 inhibitor. All of them presented synergistic
anti-proliferative and apoptotic activity in TNBC cells. The experimental results suggest that several combination
treatments are quite promising in TNBC.

It has been reported that inhibition of proteasome, a proteolytic complex associated with the degradation of ubiquitinated
proteins, has been employed as a powerful treatment therapy of cell malignancy Z8. In 2018, Rinnerthaler et al.
conducted a phase | and Il clinical trial in which patients with metastatic TNBC, who had already been treated with at least
one prior line of chemotherapy, were treated with ixazomib combined with carboplatin on days one, eight, and 15 in a 28-
day cycle 7. Based on the clinical findings, an ixazomib and carboplatin combination proved to be an effective treatment
in patients with TNBC.

Bromodomain and extraterminal domain, also known as BET are proteins that regulate gene expression and are involved
in cancer development (8. Over the last years, several BET inhibitors have been developed and tested as therapeutic
agents in BC [Z2I8Y, |n 2019, Park et al. presented a study in which potential anti-tumor effects of the BET inhibitor JQ1
against AR-positive TNBC cell lines were investigated 1. To reveal the mechanisms of JQ1 effects, multiplex gene
expression analysis and immunoblotting assays were used. During this study, in vivo effects of JQ1 in a xenograft model
presented TNBC was examined. JQ1 provided anti-proliferative activity, inducing apoptosis and cell cycle arrest. In
addition, JQ1 showed notable anticancer activity in vivo in TNBC xenograft mouse models. As a result, the BET inhibitor
JQ1 is a promising therapeutic agent that should be further investigated for the treatment of TNBC.

The intramembrane-cleaving protease y-secretase constitutes a therapeutic target for a variety of diseases (8283l A range
of oral y-secretase inhibitors (GSIs) have been developed and tested in humans B4, These y-secretase inhibitors block
notch signaling and exert anti-tumor activity. In 2020, Sardesai et al. reported a phase | study, in which an oral selective
gamma secretase inhibitor RO4929097 in combination with neoadjuvant chemotherapy for TNBC was evaluated £3. The
first objective was the determination of the maximum tolerated dose of RO4929097. Patients treated with carboplatin
administered intravenously on day 1, paclitaxel at 80 mg weekly and RO4929097 at 10 mg daily given orally on days 1-3,
8-10 and 15-17 for six 21-day cycles. Furthermore, the dose of RO4929097 was escalated to 10 mg. Increased doses
produced toxicity. Thus, 10 mg is considered to be the suitable dose level for further investigation.

Finally, in 2021, Brufsky et al. tested the combination of cobimetinib, which is an inhibitor of the MAPK pathway, with
chemotherapy B8l It inhibits the MEK1 and MEK2 proteins, which play a vital role in the cell cycle, especially in
proliferation. In this regimen, they co-administrate atezolizumab in a subgroup of patients. All patients had locally
advanced or metastatic TNBC. No increase in survival was noticed in any regimen.



2.4. Immunotherapy

TNBC is an aggressive subtype of cancer, incapable of attracting anti-cancer and hormone drugs due to the lack of
correspondent proteins. As a result, patients diagnosed with this disease have to rely mainly on chemotherapy. In recent
years, another way of treatment, immunotherapy, has gained attention, as a developing option, to treat TNBC [84,

It is studied and reported that tumors can be controlled by the immune system (Figure 3). Tumor development depends
on the host immune system according three phases: the elimination, equilibrium, and escape phases. The immune
balance is first tilted towards anti-tumor immunity during the elimination phase, and an efficient immune system detects
and then destroys the developing tumor. Several tumor cells may survive this phase and pass to the equilibrium phase,
where the balance lies between anti-tumor and tumor-promoting factors, leading to a functionally suppressed state of the
tumor. At the end, the tumor cells obtain the ability to call off immune surveillance and destruction, establishing an
immunosuppressive tumor microenvironment in the escape phase 88189,

Checkpoint
inhibitors

TNBC cell

Figure 3. Immunotherapy against triple-negative breast cancer. PD-1: Programed cell death 1; PD-L1: Programmed cell
death ligand 1; TCR: T cell receptor; MHC: Major histocompatibility complex; CTLA-4: Cytotoxic T-lymphocyte associated
protein 4; TNBC: Triple negative breast cancer.

According to various studies, there is a correlation between the presence of tumor-associated macrophages and
prognosis in human cancers. Experimental results revealed that macrophages can be stimulated to tumor cells, providing
a therapeutic approach for multiple clinical trials in cancer. In addition to macrophages, other immune-regulatory receptors
could also play a complementary role in immunotherapy of cancer 4. Neutrophils, mast cells, myeloid-derived
suppressor cells, dendritic cells, natural killer cells, and adaptive immune cells (T and B lymphocytes) are some of the
immune-regulatory receptors that play a significant role in immunotherapy of cancer 29,

In 2016, Nanda et al. reported a study in which the antitumor activity of the programmed cell death protein 1 (PD-1)
inhibitor pembrolizumab in patients with TNBC was investigated 21, Among 111 patients with TNBC 58.6% had PD-L1-
positive tumors. Among the 27 patients who were enrolled and tested for antitumor activity, the overall response rate was
18.5%, the median time to response was 17.9 weeks and the median duration of response was not yet reached. It was
also reported that clinical activity and efficiency of pembrolizumab was given every 2 weeks to patients with pre-treated,
advanced TNBC.

A year later, Tolaney et al., conducted a phase Il study in order to evaluate cabozantinib, a multikinase inhibitor, in patients
with TNBC 22, Patients received cabozantinib 60mg/day on a 3-week cycle and were treated with this therapy again after
6 weeks and then every 9 weeks. The first endpoint was objective response rate. Of 35 patients who underwent the
therapy, three achieved a partial response and nine patients achieved stable disease for at least 15 weeks. The toxicities
observed were fatigue, diarrhea, mucositis, and palmar—plantar erythrodysesthesia. On the basis of these data,
cabozantinib showed efficacy signals but did not meet the primary endpoint.

In 2018, Schmid et al. conducted a phase Il trial in which patients with untreated metastatic TNBC were randomly
assigned to receive atezolizumab plus nab-paclitaxel or placebo plus nab-paclitaxel 22, In each group 451 patients
participated. The median progression-free survival was 7.2 months for patients who treated with atezolizumab plus nab-
paclitaxel, compared with 5.5 months for patients who were treated with placebo plus nab-paclitaxel. Among patients with
PD-L1-positive tumors, the median progression- free survival was 7.5 months and 5 months, respectively. Moreover, the
median overall survival was 21.3 months for patients who received atezolizumab plus nab-paclitaxel and 17.6 months for



patients who received placebo plus nab-paclitaxel. Additionally, among patients with PD-L1-positive tumors, the median
overall survival was 25 months and 15.5 months, respectively. As a result, atezolizumab plus nab-paclitaxel provided
progression-free survival among patients suffering of TNBC.

Except for PD-L1 inhibitors, a study was also conducted for CTLA-4 blockade [24. CTLA-4 is a transmembrane receptor of
T cells, which binds to B7 segment of the T cells in order to down-regulate their immune response against cancer cells.
CTLA-4 is over-expressed in TNBC cells. CTLA-4 immunotherapy exerted synergistic action with DZ- 2384, which is a
microtubule-targeting agent. In preclinical models, this combination was superior and with fewer side-effects, comparing to
CTLA-4 immunotherapy and taxanes.

A pilot study was conducted in 2018, which examined the combination of CTLA-4 and PDL-1 inhibition in 18 patients with
advanced BC, hormone positive or TNBC 5] The most common side-effects were rash, hepatitis, and electrocyte
abnormalities. This combination was more effective in patients with TNBC, as it increased cytotoxicity of T-cells and lead
to clonal T-cell expression. Responses were made only in patients with TNBC (ORR = 43%), who had higher mutational
gene expression and up-regulation of perforin 1 and CD8.

In the following year, Cortés et al. conducted a phase lll trial in which the PD-L1 inhibitor atezolizumab was evaluated as
treatment for PD-L1-positive metastatic TNBC [28 Combining atezolizumab with first-line nab-paclitaxel provided
significant improvement in progression-free survival and had a notable clinically effect on overall survival concerning
patients with PD-L1-positive tumors. Moreover, patients were randomized to be treated with atezolizumab 1200 mg or
placebo every 3 weeks with the chosen chemotherapy, continued until progression, showing unacceptable toxicity or
withdrawal.

Voorwerk et al. conducted a phase Il clinical trial, in which they examined ways to enhance sensitivity of PD-L1 blockade
(97 Sixty-seven patients were randomized to nivolumab only or radiation, cyclophosphamide, cisplatin or doxorubicin
followed by nivolumab. The most effective responses were done in the doxorubicin and cisplatin groups with ORR 35%
and 23% respectively. After the use of this chemotherapeutic regimens, up-regulation of PD-L1 pathway and increase in
inflammation and T-cell cytotoxicity occurred. Thus, the administration of these drugs before immunotherapy might
enhance its action.

Recently, Winer et al. compared the use of pembrolizumab and chemotherapy in patients with metastatic TNBC 28],
Pembrolizumab did not increase survival rates and showed various adverse effects. These findings showed that
monotherapy with pembrolizumab is not more effective than chemotherapy in this type of cancer.

| 3. Conclusions

In conclusion, TNBC is associated with bad clinical outcomes. As a result, targeted therapies for TNBC have attracted
researchers’ attention, in order for new therapeutic tools to be developed. To date there are no efficient targeted therapies
for TNBC, with surgery, radiotherapy, and chemotherapy the primary reliable therapeutic options. Consequently, it is
crucial that significant research is carried out in order for other molecular targeted therapies to be developed. The deeper
understanding of the biological mechanism that leads to TNBC progression is improving and may result in the
development of new anticancer therapies. Moreover, pre-clinical evidence of notable interactions between signaling
pathways should be taken into consideration and more clinical trials should be conducted in order not only to examine
new targeted drug development, but also for the development of combination of drugs with therapeutic value for patients
with TNBC. Thus, the targeted therapies will offer personalized medicine with better response to treatment and fewer side-
effects.
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